i .... |

172

N J DAVIS
F/G 1373

w
[
Ll
&
o
—
s
-
f »
-y
=
$
bond
w
>
£
Ld
.w
| &
w
4]
| =
-
w
Ll
8
ps?
a
w
M
| 2
2

CU) NAVAL POSTGRADUATE SCHOOL MONTEREY CA

JUN 87

“ND-N103 637




SEGREREL N FHA AL FET27 72 (ot

.“:,O?\nn e e
FREEERE]
EEEER 4___
“ EEEFFEIPTH Wm m
EER]
= = mm____




NAVAL POSTGRADUATE SCHOOL

Monterey, California ;

§
[ ]
™~
™
©
™M .
o0 d
{
g ’
’
}
) THESIS :
< AUTOMATED LOGISTICS PLANNING
USTING HISTORICAL ANALOGIES
by
Mark J. Davis :
June 1987 »
.I
‘
Thesisz Advicor: llell C. Rowe :“
]
Arrroved for rublic release; distribtution iz unlinmifed
\
(]
L]
]
1\
Y
1Y

g 21 048

* . et AN A - . Vo, e W WA Y s ? A LI RS L
) o >, : A LS SRS PRI P P AL
‘\‘“‘n...t' ‘,‘.‘J Ivl“n‘\.. .!"-‘\4.‘-‘.'.. M 2 e ." e, M . ' A (32 )0 Vol P D B 0 3 < v W, Wiy

™ 8%

»
P Y
Y




UNCL

ASSIFTIED

LASSIFICATION OF PAC

SECURITY

REPORT DOCUMENTATION PAGE

1a REPORT SECURITY CLASSIFICATION
Tnelassified

'd RESTRICTIVE MARKINGS

2a SECURITY CLASSIFICATION AUTHORITY

3 DISTRIBUTION7AVAILABILITY OF REPORT

Apprnved Pow nubl *C relaqne;

2o DECLASSHICATION : DOWNGRADING SCHEDULE

Distribution 1 unlinmitel

[

3 PERFORMING ORGANIZATION REPORT NUMBER(S)

S MONITORING ORGANIZATION REPORT NUVBER(S)

6a NARNE OF PERFORMING ORGANIZATION 65 OFFICE SYMBOL | 7a NAME OF MONITORING ORGANIZAT'ON
v - - ~Alf a%pl:ua!c) . - .
davial Tostioraduate School] Codg 52 Naval Postoraduate Senoonl

6¢ ADORESS (City State. and 2iP Code)

donterey, California 33343-500)

b ADDRESS (City. State. and 21P Code)

Mlonterey, California 3374

2570
2-5000

()

8b OFFICE SYMBOL
(If apphcable)

8a NAME OF FUNDING . SPONSORING
JRGANIZATION

9 PROCUREMENT INSTRUMENT 1DENTF:CATION NUMBER

B¢ ADDRESS (City. State and 21P Code)

10 SOURCE OF FUNDING NUMBERS

PROGRAM PRO.ECT TASK WORK _NIT
ELEMENT NO NO NO ACCESS.ON NO
VOOt TLE pinclude Security Classification)
AUTOMATED LOGISTICS PLANNING STING HISTORICAL ANALYAI=RS (1)

©2 PEASONAL AUTHORIS)
cavia, Mark J.

. 13 Tvde OF REPORT 135 TME COVERED 18 DATE OF REPORT (Year Month Day) [|'S Pace DA
Mastert's Thesic sAOM ot 1227 June 115
"6 SULEP_ENENTARY NOTATION
t COSAT: CODES 18 SUBJECT TERMS Commue on reverse if necessary and identify by biock number)

) GROULP SuUB-GROLP Automated Logistics FPlannins Syctems; Analociacg
Tactical Lorsistics Zotinates

| 7 2837RACT (Continue on reverse if necessary and «dentify by dlock number)

¥ The current method for creating tactical

inizlequately incorvorates hictorical
urrlies,  The automated-logisztics-rlanninge

3vsten

lecictic
data on the actinl

ce estimaras in

+ 1 RS o R R E T RSN SIENSPN ~ &
DoAY T L TN |

de-orited in

A

tddresses this deficiency. The ororram develored

“enepral estimates for selected surrly items by re

varianles from current Army Plannlnf dooumon 3 an

2alculations.  The prosramn uses reasoning to iden
wrich are analorous to the current ﬁﬂ@“qtlon. Ser

2 Lientify the stronrest analoc-ies 55 the current

Pive 2atecsriex of cupply itemc. Information eontn

records of the three Stronress analosies in each ~afa- :
Lo meneral estimates. The reviced estimaten are

in rredictin actual supnly reuirements far £hoe ny
[0 J5°R3.TON AVAILABILTY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION -

) ‘ - 1 R 2\_"’4
1 wcoasseeounumiten (O SaMe as RPT [(JOTIC LSERS i'nela —
Joa NAME OF RESPONSIBLE NDiVIDUAL Izb TELEPHONE (Include Area Code) | 22¢ CFF (E STMBO.
irof. Uil o, Rowe ERED RISl el
—

DD FORM 1473, 8a Mar 83 APR edit:on may be used until exhausted

SECURITY CLASSIFICAT-ON OF "= § PACE

All other edit:ons are Obsolete

e bl T o
[ONE P -
MY LSS L



A TRl TR FRaE Juam Fae Vs

Unclassified

SECURITY CLASSIFICATION OF THIS PAGE (When Dats Entece®

#19 ABSTRACT (Continued)

C;;the estimates senerated by formula alone.*’LLdJLg «

S N 0102- LF-014-8601 ] 'L
2 Unclaszsified

SECURITY CLASSIFICATION OF THiS PAGE(When Data Bntered)




\\\\\\

Approved for public release; distribution is unlimited.

Automated Logistics Planning
Using Historical Analogies

bv

-

Mark J. Davis
Captain, United States Army
B.S.. United States Militarv Academy, 1980

Submitted in partial fulfillment of the
requirements for the degree of

| Accesion For [

' NTIS  CRA& od

MASTER OF SCIENCE IN COMPUTER SCIENCE LDTIC TAB 0
[

¢ U z2nitounced

cdunthication

i
from the ‘: N )
- Lo e o
NAVAL POSTGRADUATE SCHOOL b o e e
June 1987 i oo adkigly Codes
e ot i3}

U
%.7 ‘\O . ’1A’I ﬁ: ;
Author: W Z)ﬂ/’M P T
o J/ Mark J. Davis
Approved by: M C - o
Neil C. Rowe, Thesis Advisor -
@vtni‘ Q) ‘Q\’L %
Robert B. McGhee, Sesend Reader
Ser Sl

Jincem Y. Lum, Chairman,
epartment of Computer Science

,

M \. R g../Q.A)\
Kneale T. Marshalil,

Dean of Information and Policy Sciences

3




ABSTRACT

The current method for creating tactical logistics estimates in the Army
inadequately incorporates historical data on the actual consumption of supplies. The
automated-logistics-planning svstem described in this thesis addresses this deficiency.
The program developed in this rescarch produces general estimatcs for selected supply
iters by referencing equations and variables from current Army planning documents
and performing the necessary calculations. The program uses reasoning to identifv
previous operations which are analogous to the current operation. Separate criteria are
used to identify the strongest analogies to the current operation for each of five
categories of supply items. Information contained in the historical records of the three
strongest analogies in each category is used to revise the general estimates. The revised

estimates are hopefully more accurate in predicting actuai suppiy requirements for the

current operation than the estimates generated by formula alone.
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’ [. INTRODUCTION

A.  BACKGROUND
u The conduct of military operations is inextricably interwoven with the ability to
support them. One of the five Principles of War, Mass, has as its premise that superior

combat power must be concentrated at the decisive place and time in order to uchieve

decisive results. Logistics planning is fundamental to achieving this aim. It defines
realistic scenarios for the study of alternative courses of action, and determines directiy
the length of time that weapons and units can be effective.
In the United States Army, the tactical commander is responsible for logistics
planning. He normally has assigned to him certain staff who assist him in estimating
the logistics requirements of anticipated or considered actions, and in incorporating
whatever limitations exist into his battle planning. Logistics planning at this level is
deminated bv the creation of estimates and the reporting of equipment, supply, and
nersonrnel status. Logistics estimates are created often and represent a significant work .
\ load for those soldiers whose job it is to produce them for the commander.
7 There are currently no automated methods for assisting the tactical logistics .
planner in creating such estimates. Training Management and Control System
(TMACS) is a software svstem currently in use in the Army which assists operational
planners in programming and budgeting time. money, and supplies for training
exercises [Refll 1). It does not, however, satisfy the need for an automated aid in
preparing logistics estimates for actual tactical operations and in the conduct cf
contingency planning.
At the same time, the mulitarv of the Soviet Union places great emphasis on
automated means for enhancing their theorv of control. The use of computers to

perform referencing and calculations is actively pursued. Specifically, the referencing ot

applicable planning factors and execution of mathematical formulac in combat
planning is an area in which thev have exhibited considerable interest [Ref. 2].

This thesis investigates the nature of logistics estimation in the tactical
environment. [t identifics the merits of emploving an automated svstem to perform
some of the current labor-intensive manual referencing of equations and planaing

factors involved in creating a logistics estimate. A prototvpe of such an autoniated
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system is one of the products of this research. Execution of the prototype on a sample
database produces output that is easily understood by the logistics planner, and offers
significant time savings in the preparation of logistics estimates.

Reasoning is used in the prototype system in an attempt to provide more
accurate logistics estimates than are currently provided by strict adherence to the
procedures outlined in current Army planning documents. The reasoning algorithm is
the most interesting facet of the prototype. The aim of all of this work is to provide
the logistics planner with an aid in providing timely, useable, and well considered
logistics estimates to the battlefield commander.

B. RESEARCH TOPICS

The first area of research centers around the process by which iogistics estimates
are created today. This process is strictly manual. A single reference document, Army
field manual FM 101-10-1, contains equations and planning factors which the logistics
planner uses in calculating the quantity of several supply items required to conduct an
operation [Ref. 3]. The equations and planning factors used in these calculations are
dependent upon several key descriptions about the operation for which the estimate is
being prepared. The following tasks need to be performed by an automated svstem to
duplicate the actions of the human logistics planner:

1. identification of which attributes of an operation are critical to the selection of
appropriate equations and planning factors needed to calculate logistics
estimates

2. determunation of how such information can best be obtained from the user of
the prototype program

(V3 ]

performance of the aforementioned references and calculations.
The second area of research is concerned with reasoning about the similarity
between operaticns. Operations which have the same value for certain kev operation
attributes can be considered analogous to the current operation. These analogies are
then evaluated to determine the strength of the similarity between them and the current
operation. The criteria used to establish the analogous nature of previous operations
and the criteria used to establish the strength of the similarity between operations arc
both defined in the program, but can easily be modified to reflect user guidelines. Once
tne strongest analogies to the current operation have been determined, rescarch into
how the data contained in the historical rccords of these operations can be used 0

adjust the previously calculated estimates can be pursued.




The third area of research involves determining the method by which adjustments

to the original logistics estimates are made. Analogous historical records contain
information on both the original estimate and the actual consumption for each of the
items of supply for which the program creates an estimate. The error percentage for
each of tne three strongest analogies in estimating the actual consumption of each of
the supply items is calculated. Originally, an equal weighting of the error percentages
calculated for the three strongest analogies was used to adjust the estimates for the
current operation. The final version of the prototype handles the weighting somewhat
differently. Specificallv, the error percentages are weighted according to the strength of
the sinularitv between the operation which generated them and the current cperation.
! The composite error percentage is then used in a calculation which yields an
adjustment to the original estimate.

The fourth area of research deals with the format and structure of program input
and output. The decision was made to utilize menus as much as possible for input
{from the user. Errors are common when using a program of this sort. Where menus
are not practicai, escape routines were included to allow recovery from input errors.
Well structured, explanatory output is extremely valuable in understanding the
behavior of the program. An effort was made to produce one page documents. The
reasoning aigorithm of the program is illustrated in tabular, one page summuries to

assist the user in understanding how the reasoning is conducted.

C. THESIS ORGANIZATION

Chapter 11 discusses the manner in which tactical logistics planning 1s conducted
today. The data clements needed to conduct such planning are identified and their
relationship to the kev operational planning document, the operation order
(OPORDER), is explained. The linear equation model used to calculate logistics
estimates is outlined, as well as the source and questionable validity of the planning
factors. The difficulties faced by the tactical logistics planner in producing logistics
estimates are identified. A short discussion on the tvpe of reasoning expected of the
logistics planner in creating est:mates concludes the chapter.

Chapter IIl outlines an artificial-intelligence approach to creating the logistics

estimate. An initial discussion identifies the anticipated benefits of using an automazed

aid in assisting the logistics planner in creating the estimate. A lengthy discussion of

the reasoning done in the program follows. Specifically, the use of reascning to

identify the similarity between operations is described. Exampies are given to niustrate
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how reasoning is actually conducted in the program. The examples are heipful in

understanding the two step approach to analogy evaluation and the selection cf
cperation records for inclusion in the algortthm for adjusting estimates. The
impcrtance of simple input and output formats is highlighted, with emphasis on
designing program output that reflects the reasoning which takes piace in a program.
High-level design decisions in development of the prototype are explained and program
behavior is described in detail.

Chaprer IV discusses the potential of the thesis for assisting the tactical logistics
planner in creating logistics estimates. The program represents a new approach te
creating these estimates by applving real-world experierce in adjusting estimates.

imitations of the program are discussed, as well as possible enhancements. The
concluding discussion of the chapter identifies how the application of an automated
logistics planning system of this type could be used in other related problem domains.

The appendices are vital to understanding the workings of the program.
Appendix A and Appendix B are demonstrations of the program execution cof the
lozistics-estimate-creation module of the procgram. The demonstrations invclve two
very different operations. The logistics estimate created in Appendix A is for an
operation conducted in Europe in a temperate environment. The logistics estimate
created in Appendix B is for an operation conducted in Korea in a cold environment.
Each ¢emonstration includes the following items:

{. a sample interactive session in which the user inputs the numbers of weapens
and major end :tems in the task force

2. a sample interactive session in which the user assign values to scveral attributes
descriping the operation

(OF)

a one page document produced by the program listing all operations which
meet the criteria for being connidered analogous te the current operation

4. a scries of one page documents illustrating the reasonming in the program
determining the strongest analogies to the current program {or each category of
supply

3. alogistics esuimate for the operation.

Appendix C contains sample program execution of the other modules of the
progrum. There is a sample interactive session which updates the histerical record of
an cperaticn with actual consumpiion data. There s a sample interactive session
which deietes the histonical record of an operation from the historical files maintained

by the program. Therc 1s « sampie output produced by selecting the print-directory



module of the program which lists the unit name, date, and update status for all
operations in the historical files. Appendix C also contains a sample of the historical
record for an operation produced by the print-history module of the program.

Appendix D is the program implemented in Pascal. Appendix E is a partial
implementation of the program in Common Lisp.
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II. PROBLEM DEFINITION

A.  TACTICAL LOGISTICS PLANNING TODAY

In tactical units of the United States Army, the staff officer charged with the
creation of logistics estimates on behalf of the commander is the G4 S4 officer. A
typical logistics plan might include estimates for the following categories of supplies:

1. water

2. subsistence
3. fuel

4. ammunition
g

genaral supplies.

To caiculate estimates for supply items in each of these categories, the GJ Sd uses
equations contained in Army field manual FM 101-10-1. These equations can be
thought of as rules. Certain attributes of an operation determine either individually or
in combination the equation to be used in caiculating specific estimates. These
attributes are contained in a kev operational planning document called the operation
order (OPORDLER). The G4 S4 must obtain a draft of the OPORDER or ctherwise
reference these data elements before a logistics plan can be prepared. Attributes which
dircctly influence how an operation is conducted and the tvpe and quantityv of suppiies
consumed in its execution include the foilowing:

1. mussion td be performed

2. climate in which the operation is to be conducted

3. area cf the werld in which the operation is to ke conducted

<. tvpe. size, and personnel strength of the task force

expected intensity of combat

6. ration policy during the operation.
There are many other factors which impact on the conduct of an operation. Current
Army planning cocuments, however, use only the <ix attributes identificd above n
selecting appropriate equations from FM 101-10-1. The G4 S+ manuaily references the
aiorementioned attributes of an operation and indexes both an equation and a
planning factor for use in calculating specific supply estimates. These attributes are

contained in the operation order (OPORDER) for the operation.
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For example, to calculate the expenditure of 5.56mm rifle ammunition, the
following steps are taken. First, the mission and anticipated combat intensity of the
operation are identified. Second, the attributes are used to select the appropriate
equation and planning factor from the section in FM 101-10-1 covering ammunition
estimates. In this case, the general equation to estimate 5.56mm rifle ammunition is:

# weapons * planning factor = estimate.
Maintaining data on the number of rifles in the task force which expend 3.56mm
ammunition is another task which the logistics planner is charged to perform. The
same methodology is used for the other estimates.

The equations used to create the supply estimates are simple and easv to
understand. The equations make intuitive sense as they are a function of the number
of rifles in the task force and a single planning factor. The planning factors themselves
are another subject. There has been much debate regarding their validitv. Much of
the data in FM 101-10-1 was originally based upon experience in World War II and
Korea. Changes to the data have been made to reflect more recent experience and the
results of combat modelling and simulation, but distrust of the accuracy of the
planning factors continues. [Ref. 4]

The current method of creating estimates has another more serious shortcoming.
The planning factors used in the simple linear equation model described above vield, at
best, very generalized estimates. The data does not explicitly account for variable
factors such as visibility, terrain, and the availability of close air support. Each of
these impact significantly on the conduct of combat operations and on the rate at
which supplies are consumed. [t is necessary, therefore, that the logistics planner apply
reasoned judgement in adjusting the estimates to reflect the particular set of attributes
of the current operation.

There is no standard policy or guideline for the logistics planner to follow in
making these reasoned judgements. Every commander hopes to have an experienced
iogistics planner who can relv upon personal experience or insightful after-action-
reports to provide the basis for adjusting the standard estimates. All too often, the
commander is without such a kev individual. [n addition, the commander and the rest
of his staff continually create contingency and alternative operation plans. These plans
require that logistics planning be conducted with a corresponding cost in time and
effort. The logistics planner is seemingly always late in delivering logistics estimates to
the commander while attempting to produce complete, rescarched, and well prepared \
plans.

14
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An additional concern of the tactical logistics planner is the recording and

retrieval of data on the actual consumption of supplies. A complete accounting of the
logistically significant data about an operation is valuable in preparing future logistics
estimates. A logistics estimate of an operation, together with corresponding actual
consumption data for that cperation, support the kind of reasoning described earlier.
The time and effort it takes to record actual consumption data and lLink it with its
associated logistics estimate often frustrates intentions to create complete historical
records. The result is that such historical records do not exist in many units. When
new personnel arrive and assume responsibility for logistics planning in the unit, thev
are w:ithout the benefit of historical data on which to base their estimates.

In partial summary, the Army realizes that reliance upon the equations in FM
101-10-1 will not vield acceptable estimates in all cases. The current method of
computing estimates is simple to follow, but requires a considerable amount of the
logistics planner's most precious commodity--time. There is also an acknowledged
need for applying experience in logistics plarning to the job of improving the accuracy
of these general estimates. Experience i1s a hard thing to quantify. however, and many
tactical logistics planners are not experienced. For these reasons, anyv system which
significantly assists the logistics planner in creating estimates and performing associated
tasks without imposing additional requirements would be of great value.

B. SURVEY OF PREVIOUS RELATED WORK

Commercially available spreadsheet programs perform the kind of referencing
and calculations involved in creating logistics estimates as directed in current Army
planning documents. Spreadsheets have been used in many business applications.
They are able to adjust previous data to reflect changes in the values of program
variables. The United States Army Logistics Center has developed several templates
using a popular spreadsheet program, LOTUS 1-2-3. The templates use this program
to create logistics estimates with equations and planning factors obtained from FM
101-10-1 and variables representing the personne!l strength and the equipment
composition of a task force. The templates are intended for use by logistics planners in
creating estimates for Class | (subsistence) and Class III (POL) supply items. There

are no templates currently developed to assist the logistics planner in creating logistics

estimates for supply items in the other categories of supply.
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; The templates have two major limitations. First, each of the templates is written
to run independently. This means that a logistics planner who desires to run both of
these programs must run them separately. The estimates generated by the two
programs must be abstracted onto a single document along with estimates for other
supply items when creating an overall estimate for the operation being conducted.
Second, the template used to create these logistics estimates assumes a static task force
composition. The templates use the authorized numbers of personnel and equipment
for the unit rather than the actual numbers taking part in the operation. The
authorization document used for this purpose is the Modified Table of Organization
and Equipment (MTOE) for the unit. The templates provide a valuable service to the

logistics planner by automatically completing required paper work for requisitioning

supplies. The inflexibility of the templates in accepting changes to the task force
composition, however, causes them to fail to make full use of the power of the
spreadsheet program, and limits the utility of the templates as an automated planning
tool.

There has been little published on the use of analogies in creating logistics
estimates. Much of the literature in operations research focuses on the use of
numerical analysis in creating and revising estimates [Ref. 5]. Strictly numeric
techniques, however, sometimes fail to model and predict physical phenomenon.
Optimization techniques invclving numerical analysis do not work when the result of
the analvsis is a guess or estimate o a future outcome [Ref. 6]. Such techniques are
best suited to problems where the possible outcomes are known in advance. Logistics
estimation at the tactical level is not an exact science and is resistant to attempts at
applving such techniques. Non-numeric reasoning, called heuristic reasoning, has
proven valuable in prediction and forecasting when numerical analvsis has proven

difficuit or unacceptably costly. While the use of heuristics does not guarantee optimal

solution, it can produce acceptable results.

Reasoning about the similarities between situations is an interesting subject in
artificial intelligence research that has promisc for assisting the prediction efferts of
legisticians [Ref. 7]. Psvchometric literature includes rescarch describing how humans
search for similarities between previous and new situations in an attempt to exploit
knowledge about previous situations in order to improve current performance [Ref. §].
These parallel academic research eflorts support the research of this thesis in

investigating the possible use of historical analogies to construct logistics estimates.

R L A R NS TR SIS IS 3PN DL N POy,



Some situations can be described by attributes or properties. It mav be helpful
to compare the values for certain attributes or properties of one situation with the
values for the same attributes or properties of other situations in an attempt to
establish the similarities between them. If similarities between situations exist, then it
may be possible to infer some information about one such situation from information
already available about the other. With regard to logistics estimates, the influence of
certain operation attributes on the actual consumption of individual supply items nught
be able to be inferred from available data on the actual consumption of supplies of
previously conducted operations. While the use of this technique to improve the
accuracy of tactical logistics estimates has not been explicitly detaiied in technical
literature, it conceivably offers great potential as an estimation tool for the logistics

planner.
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IIl. PROGRAM DESIGN AND IMPLEMENTATION

A. MAJOR PROGRAM FUNCTIONS

The program was designed to assist the tactical logistics planner in performing
many of the tasks associated with creating logistics estimates. To this end, there are
five major functions performed by the program.

The first and most important function is to create a logistics estimate for an
operation using information supplied by the user in an interactive session and with
data retrieved from historical files maintained in secondary storage. This function is
the real heart of the program. It references equations, performs calculations, and
contains code that reasons about the similarity of operations. The output generated by
zhis part of the program is of particular interest and is discussed later in the chapter.

The second function performed by the program is to update a record of a
logistics estimate with data on the actual consumption resulting from the conduct of an
operaticn. This function would be emploved after an operation had already been
conducted, and supplements or replaces much of the effort spent in preparing logistics
a‘ter-action reports. The value of this function lies not onlv in its automation of the
report generation task, but also in the storage of this information in the <ame data
structure as the original logistics estimate for easv retrieval and logical representation.

The third function is to delete from the historical files the record of a previousiv
created logistics estimate. Deletions of this sort are desircable when an operation for
which a logistics estimate has been created is not conducted. [f the actuai
consumption data in the record is significantlv influenced bv a factor which 13
considered an abriormal occurrence, the logistics planner mav want to preclude its use
in future program references bv decleting it from the historical files. Another
imp.ementation rught use a boolean flag tor this purpcese.

A fourth function is to print a Jirectory with data on aii the records of legistics
estimates in the historical files. This is an important program function beceuse it
provides the user of the program with visibility over records currently in the historical
files without using some of the more complex functions cf the program. One of the
Jata clements displaved in the directory output is whether or not each of the logistics
estimutes has been updated. This prosvides an easv method for the Iogistics planner to

see whether an update needs to be made to a particular logistics estimate.
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The last function of the program provides the capability of searching through the
historical files which the program has previously created and prints a one page
summary of all of the critical information associated with each of the operations. Such
information includes not oniy the original logistics estimate, but also actual
consumption data for each of the items cf supplies for which an estimate was prepared.
This data would be irput using the record update function of the program previously
described.

Figure 3.1 shows the top level design of the program. Each of the program

functions described in this section is implemented as a module in the program.

! program
: planiner !
!
|
i log update delete print print
estimate record record directory history

Figure 3.1 Program Top Level Design.

B. DATA STRUCTURES

The key design decision with regard to data structures was the manner in which
all of the information regarding the creation of a logistics estimate would be stored. A
recerd called an oprecord (operation record) was chosen. It contains fields which
describe all of the scenario data used by the program to create a general estimate for
cach of the supply items for which the program creates an estimate. Additionul

scenario data is collected and stored for the purpose of reasoning atout the similarities
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between operations. The oprecord also contains a multi-dimensional arrav named
consurnption Which contains information about each of the supply items for which the
program creates an estimate. This information includes :

1. supply item name

2. general estimate for the supply item generated by performing the calculation of
equations referenced from Fm 101-10-1 and using planning factors tound in
reference 4

(V¥ ]

adjustments to this estimate determined b the reasoning and adjustment
techniques of the program

revised estimate obtained by adding the general estimate and the adjustment

actual consumption of the supply item during the conduct of the operation, if
such data has been placed into the record.

IR
$a

Information about the composition of the task force conducting the operation is
stored 1n an array called rask force. The information contained in this data structure is

not permanent and is lost after the logistics estimate function of the program has

- e

completed execution.

| The choices for data structures in Pascal are satisfactorv [Ref 9]. The

X availability of user-defined file types made file input and output straightforward. After
AL . . .
K programming portions of the program in LISP as part of other course work, LISP
o4 . . L :
" appears to be at least as desirable a programming language for an application of this
R sort {Ref. 10). In particular, LISP structures and flavors require fewer variabie
s . . . :
Q' declarations, and results in program code that is easier to read. They also offer no
o temptation to reiv or function side effects to assign values to fields in data structures.
t
L A partial implementation of the program in Common Lisp is included as Appendix E.
: C. CREATING A LOGISTICS ESTIMATE
<,
\ I. Input
’, The first input expected from the user alter selecting the log-estimate module
e

of the program is the composition ol the task force conducting the operation. An
'y Vo . . . . . .
:’ exampie interacuve sesston in which the user supplies the number of each kind of
1
() . . . N . . . . -
. weupen and major end item is found in Appendix A. The sclection of weapons and
® major end items included in the program was a design decision. A major criterion for
' inclusion was the availability of planning factor data in FM 101-10-1 and other widely
::' used planning references [Ref. 4.
t . .
o The program then proceeds to query the user about certain attributes
. .
1, Gescribing the operation for which the program will create a logistics estimate.
(B
‘l
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Examples of the queries posed to the user are contained in the demonstrations in
Appendix A and Appendix B. User responses to these queries are stored in the
operation record (oprecord) identified earlier.

An important design decision in handling program input from the user was
reliance on menus. The program is intended to serve as a prototype of an actual
logistics planning tool. The use of menus reduces the potential for user input errors
when the program is used in the ficld where unfamiliar users may enter erroncous
information. In addition, menus support the use of enumerated tvpes. Enumerated
tvpes were deemed important in promoting clarity when reading the program and
studving its design. The cost of using menus is more extensive input procedure coding.

A special point is made to ensure that the program does not impose anv
additional data gathering requirements upon the logistics planner bevond those
currently in effect. All of the data requested by the program of the user is contained in
the operational planning document called the OPORDER (operation order) or its draft
referred to in Chapter 1. The logistics planner can answer all program queries using
only those sources of information to which he’/she has routine accesss. In event that
the operation order itself is automated, user input of some of this data might not be
required.

2. Database Operations and General-estimate Calculation

The equations and planning factors used in calculating the general logistics
estimates are implemented as procedures with extensive paramecter lists. Information
about the composition of the task force and certain aspects of the operation scenario
are used to select the correct equations and vanable values. The resuit of these
calculations is the general estimate, and is equal to the result obtained by referencing
FM 101-10-1 and performing the mathematics manuallv. This portion of the program
is a singie-purpose database algorithm. The computer performs this operation much
faster, and with greater reliability than can a human. The estimates created by these
calculations are then stored in the operation record (oprecord) of the logistics estimate.

A restriction of the program implementation is the usc of arrav indices to
reference task force data. Knowledge of the data structure containing information on
the composition of the task force is used in performing the database operations. The
referencing of this data could be accomplished differentlv. A Line [tem Number (LIN)
is uniquely associated with every weapon ard major end item in the Army inventory.

Program implementation could be changed to use this atiribute to reference task force
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composition rather than relying on data structure knowledge. This wouid be especially

useful in an environment where the tvpe of weapons and major end items were not
constant. It also supports the principle of information hiding [Ref. 11].
3. Reasoning

The apparently intelligent behavior of the program is the result of the
reasoning it does about the similarity between the current operation and previous
operations existing in the historical files maintained by the program. The program
accomplishes this kind of reasoning by comparing the values for attributes in the
description of each previous operation with the values for the same attributes in the
current operation. The program uses a formula to determine the strength of the
similarity between the two operations. All previous operations are evaluated in this
manner. Data contained in the operation records of the three most similar previous
operations will be used in an adjustment algorithm to refine the general estimates
calculated earlier, yielding more accurate estimates.

The first phase of the reasoning process identifies all of the previous
operations that are considered analogous to the current operation. For a previous
operation to be considered analogous, it must mect the following criteria.

1. The previous operation has actual consumption data.
2. The previous operation and the current operation must have the same nussion.

3. The previous operation and the current operation must take place in the same
area.

4. The previous operation and the current operation must take place in the same
climate.

5. The previous operation and the current operation must take place under the
same chemical defense posture.

6. The previous operation and the current operation must have the same combat
intensity.

7. The previous operation and the current operation were both first dav
engagements or succeeding day engagements.

All previous operations are analyvzed and a list of analogous operations created. The
program gencrates output showing all previous operations meeting this criteria and

considered analogous to the current operation. Lxamples of this output are found In

Appendix A and Appendix B under the heading, Analogy Reasoning.
The Lst of analogous operaticns is treated as a candidate list from which up to

three operations will be selected as input into an adjustment algorithm. The action of
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the adjustment algorithm is to reflect knowledge about the past consumption of

supplies in adjusting the general estimates obtained through the database
computations.

The second phase of reasoning determines which of the candidate operations
will be sclected for the purpose of adjusting estimates. The program performs this
reasoning by evaluating certain attributes of the scenario descriptions of all of the
candidate operations, and allocates analogy strength points to operations which have
the same values for those attribute as does the current operation. The three candidate
operations with the greatest analogv strength points are selected [or use in the
adjustment algorithm.

The sophistication of the second phase of reasoning docs not end here. The
supply items for which the program creates logistics estimates are grouped into five
categories. The consumption rates for the supplv items in each of the categories are
assumed to be directly influenced by the same set of operation attributes as are the
other supply items in their category. The program is able to reason about which
candidate operations are the strongest analogies to the current cperation in each of
these categories independently. This is important since the consumption rates of
supply items within different categories of supply are influenced to varyving degrees by
similar factors and by different conditions than are supply items in other categories.
The program adjusts the estimates of supply items in each of the categories by using
the strongest analogies to the current operation for those attributes influencing
consumption of supply items in that category. In this way, the program makes the
most effective use of the data available on previous operations. The five categories of

supply considered by the program are :

[. water
2. subsistence
3. fuel

4. ammunition

‘

general supplies.

The atiributes of an operation which are used in determining the strongest
analogies in each of these categories are identified in the program output. Factors
influencing the consumption rates of supplies are not equally significant. The prcgram
apriies weighting factors to each attribute and sums the value of all attributes in

determining the total strength points for a particular coperation. Appendix A and
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Appendix B both contain program output which illustrates this reasoning. Those
entries in which a “ves” is marked had a match between the attribute value in the
previous operation and the attribute value in the current operation. The weighting
given to each of the attributes is found in parcnthesis under the attribute name.

It is important to note the adaptability of this form of reasoning. Anv change

- mm———

in attributes used in performing the kind of reasoning contained in the program can be
easily made. Changes to the weighting given to any of the attributes can be changed
by modifving a single value in the code. The analyvst or combat modeler can change
the action of the program by modifving the identitv or the weightings given to
attributes of the operation to reflect more accurately the influence of operation
attributes affecting the consumption of supplies.
4. Adjustment Algorithm
After the strongest analogies for each of the categories of supply items have

been determined, an adjustment to the general estimate for each of the supply items

computed. The adjustment algorithm works this way.

An error percentage is calculated for cach of the analogies with respect to the
particular supply item being considered. This 1s done by taking the difference petween
the actual consumption and the general estimate for the supply item and dividing it by
the general estimate. Once this has been done for each of the analogous operations,
these error percentages are weighted by the analogy strengths of the operations from
which thev were calculated, and averaged together. The resultant error percentage is
then multiplied by the general estimate for the same suppiv item in the current legistics
estimate. The resuit is stored as the adjustment to this general estimate. [n computing
the final estimate for the supply item, the adjustment is added to the generai esumate.
Adjustments can be be positive, negative, or zero.

There arc several ways in which the error percentages of the three strongest
analogies can be averaged. One way is to weight the crror percentages equaliv.
Another way is to place greater weight on the error percentages obtained from more
recentiv conducted operations. The current weighting strategy places greater weight on
the error percentages of the strongest analogics. Testing of the resuits of the pregram

has not been done, but this weighting strategy is expected to vield more accurate

adjustments than other strategies.




5. Output

The program output generated by this function of the program has already

been partially described. The logistics estimate itself is a one page document found in

. beth Aprendix A and Appendix B. The top half of the document contains a summary
of the attributes of the operation. Next, a brief summary of the previous anaiogous

operations used in the adjustment algorithm is provided. At present, this information

periains onlv to the ammunition adjustments. Ammunition adjustments arc considered

to be of particular interest since the majority of the estimates which the program

creates are for ammunition supply items. At the bottom of the document is the

logistics estimate for the operation. The document is otherwise self~explanatory.

D. UPDATING RECORDS

This function of the program is critical to the reasoning performed in the creation
of the logistics estimate. After an operation has been conducted. one of the tasks
required of the tactical logistics planner is to collect data on all of the supplies
censumed. Such information is passed up the chain of comunand to satisfv reporting
requirements, and retained by the unit conducting the operation for {uture planning
purposes. The record update function of the program automates this task, and stores
the actual consumption data in the same data structure as the original logistics
estimate for that operation for future reference. An ecxample of an interactive session
which querics the user for the actual consumption data and acknowledges the update

of the historical record of that operation is found in Appendix C.

E. DELETING RECORDS

Not ail of the operations for which logistics estimates are created will actually be
conducted. In other cases, the actual consumption figures for an operation mav be
suspect or otherwise undesireable for use in adjusting future logistics esumates. The

usetulness of retaining such records in secondary storage is questionable. The program

allews the records of such operations to be deleted. An example of an inteructive user

session using this function cf the program is found in Appeadix C.

F. PRINTING A DIRECTORY

This function is usefu! for the reasons discussed carlier. The information 1t

provices is all that 1s necessary to uniqueiy identify each of the operations, unless more

than one opcration with the same mission for the same unit on the same dav is created.
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An additional identifier would then be necessarv. Aside from listing all of the

operations residing in secondary storage, this function identifies whether each
operation has been updated or not. If a record has been updated, then the source of
the update information is provided. The sources of update information are factual data
and estimates. An example of the output generated by the print directory function of

the program is found in Appendix C.

G. PRINTING HISTORICAL RECORDS

This function of the program generates one page summaries of all of the
information available on each of the operations for which it has created a logistics
estimate. Such a summary is invaluable to a logistics planner. It represents a
significant effort in researching historical files and presenting the contents of the files in
a clear and understandable format. This function of the program could be modified to
produce the historical record of a single specified operation, rather than the records of
all operations in the historical files. An example of the historical record of an

cperation is found in Appendix C.
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IV. CONCLUSIONS

A.  PROGRAM STRENGTHS

The program takes a different approach to the creation of logistics estimates
from the one currentiv used oy .Armyv logistics planners. [t automates the references
and calculations performed by jogistics planners in constructing estimates using Army
Jdirected aigonithms. The program pertorms these tasks with significant benefits to the
logistics ~lanner. The program is fast, reliable. and tireless. It automates many of the
other adnunistrative tasks performed by the logistics planner in updating the historicud
records of operauons and frees the logistics planner to do other things.

In uddition to its automauon benefits, the program conducts analysis that was
heretofore conducted oniv by experienced or enterpnising logisticians.  This ara.vss
takes the form of reasoning anout the similarity between operations. and the evaluation
of exisung iustericai recerds. This tvpe of reasoning 1s essential to improving the
accuracy of logistics estimates generated by current estimation techniques. The abihity
of the logistics puanner to direct the reasoning of his automated aild n revising
estimates is extremely poweriul. [t ailows the logistics planner to instantiv respond to
changing cornditicns in operational planning. and assists the logistics planner in
creating consistent, reasoned estimates even when e she lacks the requisite personal
experience to conduct such reasoning. Logistics planners outside the Army can aiso
bene!it {rom such a reasoning facility. Inventory managers and producticn pianners
spend considerable time creating and revising estimates. The reasoning contained n

the program could be adapted o assist them.

B. PROGRAM LIMITATIONS

The program does not create estimates tor ail of the supply iters with which the
logistics planner would be concerned. Likewise, it Joes not accept information on ail
cf the different types and modeis of weapons and major end items which are currently
in use in the fleld. One reason for these chyvious hnutations 1s that the program was

designed as a prototype. The program nceded to demonstrate function, not

completeness. A serious factor aflecting future e!forts in the deveiopment of

automated logistics planning aids of this type, however, 1s storage. Princpaily. the

concern is main memery avatlabiity. The template used to create the task ferce in e
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program was arbitrarily chosen. It was certainly a verv small subset of the total

inventory of weapons and major end items in the Army inventory.

A corhplete database of all weapons and major end-items in the United States
Army does exist, and is called the Army Master Data File (AMDF). A program using
a database of this size would be most appropriate in a war gaming or simulation
application where memory resources necessary to support such a database would noz
be a constraint. If the program is implemented as a microcomputer-based system in
tactical units, then a subset of the AMDF or the use of a task force template like the
one used in the prototype would be appropriate.

An improvement of the program might allow the user to specify a set of weapons
and major end items {rom the AMDF as one of the program functions. The resulting
task force template would continue to be used until changed by the user by selecting a
task force template creation function in the program. The overriding concern is that
the task force database and template be tailored to meet the particular needs of the
logistics planner using the program and be supported by the memory resources
available.

Another limitation of the program is the temporary existence of task force
composition data. Ideally, this information would be stored permanently with other
data pertinent to the historical record of an operation. It currently is not. The loss of
this data prohibits future reference to the composition of the task force involved in the
conduct of a particular logistics operation. This limits some of the analvsis which can
be performed about an operation. Information on the composition of a task force mav
warrant inciusion in the historical record.

Current program design involves reading all of the historical records into main
memory from secondary storage at the beginning of the program and writing them
back into secondary storage at the end of the of the user session. The historical files
take up considerable space when the program has been used to create a large number
of logistics estimates. A more sophisticated data retrieval technique is necessaryv to
reduce this dependency on main memory. If the historical files of several different
units are stored together or shared in some tvpe of distributed svstem, the data
retrieval issue becomes even more important.

The decision to use Pascal as the implementation language in the prototype was
made for convenience. Pascal mayv not be the best choice. Experimentation with

Common Lisp in implementing portions of the program required fewer variables and
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potentially less storage space than Pascal. In addition, the use of user defined
structures in Common Lisp appeared to make the program easier to read and
understand.

A significant limitation of the program is its rigidity. In particular, the program
does not allow the user to change the value of an attribute in the description of an
operation after a record for that operation has been created and placed into the
historical records. War is unpredictable by nature. There may be times when the value
of certain attributes in the operation description will not be as planned. It is
unrealistic to expect the user of the program to recreate an entire logistics estimate
because of a single change to the operation description.

In a combat simulation or modelling application of this program, the ability to
quickly and casily change the value of attributes in the operation description and
recreate an estimate would be very important. Any anticipated sensitivity analysis
using this program would require this capability.

The estimates for Class 11, Class IV, Class VII, Class VIII, and Class IX supplies
are clearly unacceptable for the purposes of the tactical logistics planner. While the
functions of the program worked well in creating estimates which mayv be superior to
those generated by human planners by calculation methods alone, it is the level of
abstraction at which the estimates were made that is the problem. No one orders such
supplics by the short ton. Each supply item is uniquely identified by a stock number
and ordered individually. There must be a more concerted effort by Armv logisticians
to provide planning equations and factors for selected individual supply items in these
categories. The present level of abstraction serves only the needs of the transportation
manager concerned with bulk planning data and the logistician at Army level and
above.

The reasoning performed by the program represents a new approach to logistics
planning and has several potential applications which will be discussed later. There is
the potential however, for becoming overly impressed with the reasoning techniques of
the program and trving to reason about too many factors at once, or about [actors
whose influence on supply consumption is uncertain. Some factors mayv certainly

impact on how a particular operation is conducted, but may not influence the

consumption of supplies in any consistent and meaningful way.
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C. PROMISE FOR THE FUTURE
The program of this thesis could evolve into a valuable tool for the tactical

logistics planner. Future work needs to be donc to validate the approach of this
research. The program offers many potential benefits to the logistics planner. It is fast
and rehiable. Much of the time consuming work now being done by humans can be
confidently shifted to a computer. References and calculations are routine,
monotonous, and unexciting aspects of the logistics estimation process. Such tasks are
often performed poorly or in an untimely manner, especiallv in a high stress
environment such as can be expected during combat operations. The program assists
the logistics planner in the reasoning process as well. For the inexperienced planner,
the built-in reasoning of the program may provide estimate revisions where they might
not otherwise be possible. The experienced logistics planner can structure the
reasoning of the program to reflect more accurately the influence of different operation
attributes on the consumption rate of supplies. Even at the tactical level, sensitivity
analysis can be performed by altering the values of various operation attributes and
creating a new estimate for the revised situation. A final benefit of the program is the
simplicitv and speed with which consumption data is recorded. With the aid of the
program, this all-too-often-neglected task may be routinely performed.

The ideas inherent to the creation of an automated logistics planning program
can be used to design computer aided instruction programs for teaching logistics
planners how to create logistics estimates. An explanation facility can be added to
instruct the student as to which refences are made in preparing each of the individual
supply item estimates in accordance with FM 101-10-1. The same instruction program
could check student estimates against its own calculations for test operations and
provide a general equation solutions when the student fails to provide a correct
response.

A computer-aided instruction program might also be used to teach the basics of
reasoning in adjusting logistics estimates. A sample session such as the one detailed in
the appendices of this thesis might provide physical evidence of the influence that
certain operation attributes may have on the consumption of supplies. Coupled with
classroom instruction, such an approach might provide some nceded experience to
junior jogisticians.

Logistics has been poorly integrated into most Army tactical simulations and war

gamuing exercises. Opcrational planning in these exercises fails to include realistic
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consideration of logistics requirements. The reason cited most often in explaining this
deficiency is that logistics estimates are too time consuming to create and slow the pace
of the training. Use of an automatedlogistics-planning svstem like this one might be
able to alleviate this problem to some degree. The program of this thesis clearly
demonstrates that systems can be designed to create logistics estimates in a timelv and
responsive manner, and integrated into operational planning. It might be possible to
expand these type of exercises in the future to include the participation of logistics
planners in a meaningful way.
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APPENDIX A
LOGISTICS ESTIMATE DEMONSTRATION #1

TASK FORCE INPUT

You will now begin building the task force.

enter the number of M2 INF FIGHTING VEH in your task force.
enter the nugger of M3 CAV FIGHTING VEH in your task force.
w enter the numger of M113 PERS CARRIER in your task force,
enter the nuéger of M901 CBT VEH ITV in your task force.
enter the numéer of M125A1 81MM CARR in your task force.
enter the nu@ger of M106Al 107MM CARR in your task force.

enter the nuﬁ%er of M102 105MM HOW in your task force.
9

enter the num%er of M110 8in SP HOW in your task force.

enter the num%er of LAUN-LOAD MLRS in your task force.

enter the number of M163 VULCAN BIR DEF in your task force.

b
r
enter the number of M109 155MM SP HCW in your task force.
3
enter the num%er of M730 CHAP AIR DEF in your task force.

enter the nugger of M1 TANK 105MM in your task force.
enter the number of M6C TANK 10SMM in your task force.
enter the nugger of TOW LAUNCHER in your task force.
enter the nuéger of M222 DRAGON LNCHR in your task force.
ﬂ enter the nugger of M2 S0 CAL MG in your task force.
enter the ntﬁ%er of M60 MG in your task force,
entar the ;ﬁ%?er of M16A1l RIFLE in your task force,.
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SCENARIO INPUT

The following.guestions describe the operation for which
the program will create a logistics requirements estimate.
All guestions must be answered as directed.

Enter the date on which the operation is to commence.
Use the form dd/mm/yy

The date of the operation is 24/05/87

Is this the correct date?

Enter the number corresponding to your answer.
1l - yes, date is correct
2 - no, date is incorrect

Enter the name of the unit fcr which this estimate or
update is being prepared. For example- 1/33rd

The name of the unit is 2/77th

Is this the correct unit name?

Enter the number corresponding to your answer.
1l - yes, unit name is correct
2 - no, unit name is incorrect

Enter the number corresponding to the correct tf type.
1 - armer

2 - mechanized
3 - infantry

Enter the number corresponding to the correct tf size.
1 - battalion
2 - brigade

Enter the number corresponding to the correct mission.
1 - attack
2 - defend

Is this the first day of this mission or is this a
succeeding day of a continuing mission.

Enter the correct number for your response
1l - first day
2 - succeeding day

- .
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AT RERST

Enter the name of the operation of which this mission
is a part. For example- D-DAY

The name of the operation is Reforger

Is this correct ? .

Enter the number corresponding to your answer.
1 - yes, operation name 1s correct
2 -~ no, operation name is incorrect

Enter the number corresponding to the correct area.

1 - conus
2 - europe
3 - korea

Enter the name of the country in which this mission
will be conducted. For example- West Germany.
Be sure to capitalize the first letter in each word

The name of the country is West Germany

Is this correct ? _

Enter the number corresponding to your answer.
1 - yes, country name 1s correct
2 - no, country name is incorrect

Enter the number corresponding to the correct climate.

1 - hot
2 - temperate
3 - cold

Enter the number corresponding to the correct intensity

1 - high
2 - mil
3 - low

Do Xou expect the task force to be in MOPP level three
or MOPP level four during this mission.

Enter the correct number for your response
1l - yes
2 - no

Enter the number corresponding to the correct terrain
1 - open
2 - woods
3 - built up
4 - mountainous

Enter the number corresponding to the visibility

1 - good
2 - fair
3 = pocr
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Do you plan on significant Air Force ground support?
Enter the correct number for your response

i - yes

2 - no

Enter the total number of personnel in the task force.

Enter the number corresponding to the ration policy
during the duration of this operation.

1 - b_cb
2 - c_c_b
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ANALOGY REASONING

all of the available data on past operations has been.
evaluated to identify analogies to the current operation.

A previous operation is considered analogous to the = |
current operation if the following conditions are satisfied:

\
i
]
J

1. The historical record of the previous operation has

been updated with actual consumpticn data.

2. Both operations have the same mission.

3. Both operations took place in the same area of the world.
4. Both operations took place in the same climate.

5. Both operations took place under the same chemical
defense mission oriented protective posture.

6. Both operations inveclved the same combat intensity.

7. Both operations were first day engagements or
succeeding day engagements of the same mission type.

The following operations are analogous under this definition.

- - P - = = " = o e 7 - = T A O U s D e o = = D -

DATE UNIT MISSION AREA CLIMATE MOPP  INTENSITY FIRST/SUCCEEDING DAY
01/04/86 2/77¢h ATTACK EUROPE TEMPERATE YES HIGH FIRST DAY
04/04/86 2/77th ATTACK EUROPE  TEMPERATE YES HIGH FIRST DAY
06/04/86 2/77th ATTACK EUROPE TEMPERATE YES HIGH FIRST DAY
10/05/86 3/24th ATTACK EUROPE  TEMPERATE YES HIGH FIRST DAY
15/05/86 1/81s% ATTACK EUROPE  TEMPERATE YES HIGH FIRST DAY |
03/04/87 2/77th ATTACK EUROPE TEMPERATE YES HIGH FIRST DAY |
07/04/87 2/77th ATTACK EUROPE TEMPERATE YES HIGH FIRST DAY
22/04/87 2/77th ATTACK EUROPE  TEMPERATE YES HIGH FIRST DAY
05/05/87 3/24th ATTACK EUROPE TEMPERATE YES HIGH FIRST DAY
16/05/87 2/77th ATTACK EUROQPE TEMPERATE YES HIGH FIRST CAY
36
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WATER SUPPLY REASONING

The analogous operations are evaluated on the strength
of their similarity to the current operation in those
areas pertinent to water suppl{ consumption. Each of the
points of similarity are weighted independently.

The weighting of each item is in parenthesis below the
item name. ile. (3) = 3 points for AF_GROUND_SUPPORT

Up to three grevious operations are considered in the
adjustment algorithm, with those operations with the
highest number of quality points being chosen for this

purpose.

DATE  UNIT COUNTRY  UPDATE

NAME SOURCE

(2) (1
16/05/87 2/77th YES YES
05/C5/87  3/26th NO NO
22/04/87  2/77th NO YES
07/04/87  2/77th YES NO
03/04/87 2/77th YES NO
. 15/05/86  1/81st NO YES
10/65/86  3/24th YES NO
06/04/86  2/77th NO NO
04/04/86 2/77th NO YES
01/04/86  2/77th YES NO
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SUBSISTENCE SUPPLY REASONING

The analogous operations are evaluated on the strength

of their similarity to the current operation in those

areas pertinent to subsistence consumption. Each of the

points of similarity are weighted independently. i

The weighting of each item is in parenthesis below tnhe
item name. ile. (3) = 3 points for AF_GROUND_SUPPORT

Up to three Erevious operations are considered in the
adjustment algorithm, with those operations with the
highest number of gquality points being chosen for this

purpose.
DATE  UNIT UNIT UPDATE
NAME SOURCE
(1) (1)
16/05/87  2/77th YES YES
05/05/87  3/2Gth NO NO
2/064/87  2/77th YES YES
07/04/87  2/77th YES NO
03/04/87  2/77th YES NO
15/05/86  1/8lst No YES :
10/05/86  3/26th NO NO
06/04/86  2/77th YES NO
04/04/86  2/77th YES YES
01/04/86  2/77th YES NO
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GENERAL SUPPLY REASONING

The analogous operations are evaluated on the strength
of their similarity to the current operation in_those
areas pertinent to general supply consumption. Each of the
points of similarity are weighted independently.
The weighting of each item is in parenthesis below the

. item name. 1i.e. (2) = 2 points for AF_GROUND_SUPPORT
Up to three previous operations are ccnsidered in the
adjustment alcorithm, with those operations with the
highest number of quality pcints being chosen for this
purpose.

DATE UNIT AF TERRAIN  VISIBILITY UNIT COUNTRY OPERATION  UPDATE
GRND_SPT NAME NAME NAME SOURCE
(21 (21 (1 (1 (1) €1) t2)

16/05/87 2/77th YES NO NO YES YES NO YES
05/05/87  3/24th NO NO YES NO NO NO NO
22/04/87  2/77th YES YES YES YES NO YES YES
07/04/87 2/77th YES NO NO YES YES YES NO
02/04/87  2/77%h NO NO NO YES YES YES NO

) 15/05/86  1/8lst YES YES YES NO NO NO YES
10/05/86  3/24th YES NO YES NO YES NO NO
06/04/86  2/77th NO NO NO YES NO YES NO
04/04/86 2/77th YES YES YES YES NO YES YES
01/04/86  2/77th YES NO NO YES YES YES NO
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FUEL SUPPLY REASONING

The analogous_ operations are evaluated on the strength

of their Similarity to_the current operation in those

areas pertinent to fuel supplg consumption. Each of the

points of similarity are weighted independently. .

The weighting of each item is in parenthesis below the
item name. 1i.e. (2) = 2 points for AF_GROUND_SUPPORT

Up to three grev:’,ous operations are considered in the
adjustment algorithm, with those operations with the
highest number of quality points being chosen for this

g
é

purpose.
DATE  UNIT AF TERRAIN UNIT COUNTRY OPERATION  UPDATE
GRND_SPT NAME  NAME NAME SOURCE
(2) (2) (1 (1 (1) (2)
16/05/87 2/77th YES NO YES YES NO YES
05/05/87 3/24th NO NO NO NO NO NO
22/04/87  2/77th YES YES YES NO YES YES
07/04/87  2/77th YES NO YES YES YES NO
03/04/87 2/77th NO NO YES YES YES NO
15/05/86 1/81st YES YES NG NQ N YES
10/05/86  3/24th YES NO NO YES No NO
06/064/86  2/77th NG NO YES NO YES NO
04/04/86 2/77th YES YES YES NO YES YES
01/04/86  2/77th YES NO YES YES YES NO
30
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AMMUNITION REASONING

The analogous operations are evaluated on the strength
cf their similarity to the current operation in those
areas pertinent to ammo supply consumption. Each of the
points of similarity are weighted independently.

The weighting of each item is in parenthesis below the
item name. i.e. (3) = 3 points for AF_GROUND_SUPPORT

The three previous operations witn the highest number of
guality points are used in the adjustment algorithm.

DATE UNIT AF TERRAIN  VISIBILITY UNIT COUNTRY OPERATION  UPDATE

GRND_SPT NAME NAME NAME SQURCE

(3) (2) (1) (1) (1) (1) (1}

16/05/87 2/77th YES NO NO YES YES NO YES
05/05/87 3/24th NO NO YES NO NO NO NO
22/04/87 2/77th YES YES YES YES NC YES YES
07/04/87 2/77th YES NO NO YES YES YES NO
03/04/87 2/77th NO NO NO YES YES YES NC
15/05/86 1/81st YES YES YES NO NO NO YES
10/05/86 3/24th YES NO YES NO YES NO NO
06/04/86 2777th NQ NO NO YES NO YES NO
04/04/86 2/77%h YES YES YES YES NO YES YES
01/04/86 2/77th YES NQ NO YES YES YES NO
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The task force has been built. Task force composition is

M2 INF FIGHTING VEH
M3 CAV FIGHTING VEH
M113 PERS CARRIER
MS01 CBT VEH ITV
M125a41 81MM CARR
M106A1 107MM CARR
Mi02 105MM HOW

M109 155MM SP HOW
M110 8in SP HOW
LAUN-LOAD MLRS

M163 VULCAN AIR DEF
M730 CHAP AIR DEF
Ml TANK 105MM

M6Q TANK 105MM

TOW TAUNCHER

M222 DRAGCN LMNCHR
M2 50 CAL MG

M60 MG

M16Al RIFLE

TASK FORCE COMPOSITION
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DATE

UNIT

TASK FORCE TYPE
TASK FORCE SIZE
MISSION
DURATION

COMBAT INTENSITY
OPERATION NAME

TERRAIN

VISIBILTY

AF GROUND SUPPORT
MOPP LEVEL 3/4
PERSONNEL STRENGTH
RATION POLICY

AUTOMATED LOGISTICS PLAN

264/05/87
2/77th
ARMOR
BRIGADE
ATTACK
FIRST DAY
HIGH
Raforger
EUROPE

Hest Germany

TEMPERATE
OPEN
FAIR

YES

YES

3500
c_c_b

HISTORICAL DATA AVAILABLE YES

DATE 22/04/87

UNIT 2/77th

SUPPLY ITEM

water

B rations

MRE rations

class II supplies
diesel fuel

class IV supplies
tank ammo 105mm
TOW ammo

DRAGON ammo
Howitzer ammo 105mm
Howitzer ammo 155mm
Howitzer ammo 8in
Vulcan ammo 20mm
Mortar ammo 81lmm
Mortar ammo 107mm
MG ammo .50 caliber
MG ammo 7.62mm
rifle armo 5,56mm
class VII supplies
class VIII supplies
class IX suwplies

" L ‘A " e
l,'l.'-l- . ¢ LSORAC

04/04/86  16/05/87
2/77th 2/77th
LOGISTICS ESTIMATE
GENERAL EST. ADJUSTMENTS
16170 2556
3500 -527
7000 2564
6 1
69530 8388
7 1
5616 -6l6
182 66
88 -18
31384 1137
3366 -355
2592 520
11952 %117
873 ~163
1308 300
21525 -5600
21217 ~60%6
297000 3470
26 4
2 -1
G G

43

FINAL EST.

18726
2973
9564

7
78418
8
5000
243
70
4521
3011
3112
16069
710
1608
15925
15171
300470
30

1

8

gallons
maeals
meals
STONS
gallons
STONS
rounds
rounds
rounds
rounds
rounds
rounds
rounds
rounds
rounds
rounds
rounds
rounds
STONS
STONS
STONS
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APPENDIX B
LOGISTICS ESTIMATE DEMONSTRATION #2

TASK FORCE INPLUT

You will now begin building the task force.

enter the number of M2 INF FIGHTING VEH in your task force.
enter the nuﬁger of M3 CAV FIGHTING VEH in your task force.
enter the numger of M113 PERS CARRIER in your task force.
enter the nu;ger of M901 CBT VEH ITV in your task force.
enter the numger of M125A1 81MM CARR in your task force.
enter the nuTger of M106Al 107MM <CARR 1in your task force.

enter the number of M102 105MM HOW in your task force,
enter the numger of M109 155MM SP HOW in your task force.
enter the numb?er of M110 8in SP HOW in your task force. .
enter the num%er of LAUN-LOAD MLRS in your task force.

enter the numlger of M163 VULCAN AIR DEF in your task force.
enter the num}%er of M730 CHAP AIR DEF in your task force.

enter the nurglzer of M1 TANK 105MM in your task force.
enter the number of M60 TANK 105MM in your task force.
enter the nunswger of TOW LAUNCHER in your task force.
enter the nur%ger of M222 DRAGON LNCHR in your task force.
enter the nux?\ger of M2 50 CAL MG in your task force.
enter the n%uzn%er of M60 MG in your task force.
enter the glaiéﬁgaer of M16Al RIFLE in your task force.
44
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SCENARIO INPUT

The following_%uestions describe the operation for which
the program will create a logistics requirements estimate.
All questions must be answered as directed.

Enter the date on which the operation is to commence.
Use the form dd/mm/yy

The date of the operation is 03/03/87

Is this the correct date?

Enter the number corresponding to your answer.
1 - yes, date is correct
2 - no, date is incorrect

Enter the name of the unit for which this estimate or
update is being prepared. For example- 1/33rd

The name of the unit is 1/11th

Is this the correct unit name?

Enter the number corresponding to your answer.
1l - yes, unit name is correct
2 - 0o, unit name is incorrect

Enter the number corresponding to the correct tf type.
1 - armor
2 - mechanized
3 - infantry

Enter the number corresponding to the correct tf size.
1l - battalion
2 - brigade

Enter the number corresponding to the correct mission.
1 - attack
2 - defend

Is this the first day of this mission or is this a
succeeding day of a continuing mission.

Enter the correct number for your response
1 - first day
- succeeding day
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Enter the name of the operation of which this mission
is a part. For example- D-DAY

The name of the operation is Rising Star

Is this correct ? .

Enter the number corresponding to your answer.
l - yes, operation name 1s correct
2 - no, operation name 1is incorrect

Enter the number corresponding to the correct area.
1l - conus
2 = europe
3 - korea

Enter the name of the country in which this mission
will be conducted. For example- West Germany.
Be sure to capitalize the first letter in each word

The name of the country is Korea

Is this correct ?

Enter the number corresponding to your answer.
1 - yes, country name is correct
2 - no, country name is incorrect

Enter thehnumber corresponding to the correct climate.
ct

temperate

cold

(RINT
[ I )

Enter thehnugber corresponding to the correct intensity

1 - higt
2 - mi
3

Do you expect the task force to be in MOPP level three
or MOPP level four during this mission.

Enter the correct number for your response
1 = ves
2 - no

Enter the number corresponding to the correct terrain
1 - open
2 ~ woods
3 - built up
4 - mountainous

Enter the number corresponding to the visibility

1l - good
2 - fPair
3 - poor
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Do you plan on significant Air Force ground support?

Entsf the correct number for your response
- yes
2 - no

Enter the total number of personnel in the task force.

Enter the number corresponding to the ration policy
during the duration of this operation.

1 - b_c_b
2 - c_cb
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ANALOGY REASONING

All of the available data_on past operations has been
evaluated to identify analogies to the current operation.

A previous operation is considered analogous to the =
